This poster highlights one of our analysis frameworks for human-robot interaction (HRI) and a sample of our results. We developed a fine-grained definition of HRI awareness based on research from computer-supported cooperative work (CSCW). Results consist of initial design guidelines for HRI that we are incorporating in next-generation robots and interfaces under development at UMass Lowell.
INTRODUCTION
Although much progress has been made in robotics in the last decade, relatively little progress has been made in optimizing the partnership between people and robots through improved techniques for HRI. Our work aims to fill this gap using techniques from HCI and CSCW.
HRI AWARENESS
Much research has been performed in the CSCW community to characterize awareness; we adapted the concept [1] to account for all combinations of single and multiple humans and robots, as well as the non-symmetrical nature of the human-robot collaboration. Given n humans and m robots working together synchronously, we defined HRI awareness to have the following five components:
• Human-robot: the understanding that humans have of the locations, identities, activities, status and surroundings of the robots; and level of certainty regarding this data.
• Human-human: the understanding that humans have of the locations, identities and activities of their fellow human collaborators.
• Robot-human: the knowledge that the robots have of the humans' commands necessary to direct their activities and any human-delineated constraints that may require a modified course of action or command noncompliance.
• Robot-robot: the knowledge that the robots have of the commands given to them, if any, by other robots, the tactical plans of the other robots, and the robot-to-robot coordination necessary to dynamically reallocate tasks among robots if necessary.
• Humans' overall mission awareness: the humans' understanding of the overall goals of the joint human-robot activities and the moment-by-moment measurement of the progress obtained against the goals.
PRELIMINARY DESIGN GUIDELINES
We found that all anomalies could be traced to a lack of HRI awareness. Thus, when we developed a preliminary set of guidelines [3] for designing HRI in robots, we began with awareness and also included guidelines to address other major problems we observed with HRI:
• Enhance awareness. Provide a map of where the robot has been. Provide more spatial information about the robot in the environment to make operators more aware of their robots' immediate surroundings.
• Lower cognitive load. Provide fused sensor information to avoid making the user fuse the data mentally.
• Increase efficiency. Provide user interfaces that support multiple robots in a single window, if possible. In general, minimize the use of multiple windows.
• Provide help in choosing robot modality. Provide the operator assistance in determining the most appropriate level of robotic autonomy at any given time. We have designed an interface prototype that incorporates the first three guidelines [2] . In particular, we have created a single display that overlays color video with heat indications, carbon dioxide measurements, and direction of the loudest local sound.
